Background: Cerebral vasculopathy leading to infarct are the most serious complications of tuberculous meningitis (TBM). Transcranial Doppler (TCD) allows early diagnosis and monitoring of cerebral hemodynamics. It is real time, non-invasive and non-ionizing imaging modality. Aims & Objectives: 1) To describe spectrum of findings and to detect cerebral vasculopathy in pediatric TBM patients by using TCD. 2) To determine reliability of TCD by correlating its findings with computed tomography (CT) findings and stage of the disease. Materials & Methods: 40 children≤ 13 years with diagnosis of TBM referred in Department of Radiology of a Tertiary care Hospital, Rajendra Institute of Medical Sciences (RIMS), Ranchi from September 2017 -August 2018 underwent serial TCD imaging on day 1, day 3 & day 7 after obtaining written informed consent. Findings were analyzed and then compared with CT findings and stage of the disease. Results: Out of 40 study subjects who underwent TCD imaging, 19 patients showed abnormal Doppler findings in the form of stenosis in 15, vasospasm in 4, and hyperemia in 2 children. Sensitivity and Specificity of TCD as compared to CT to detect stenosis in cerebral arteries were 91.7% & 85.7% respectively. Conclusion: Serial TCD can be used as a reliable modality for early diagnosis and monitoring of intracranial vasculopathy in childhood TBM.
Introduction
Neurotuberculosis can manifest as tuberculous meningitis (TBM), tuberculoma ortuberculous abscess. [1] TBM is the most severe form of neurotuberculosis with high rate of mortality and morbidity in children. [2] Rapid diagnosis and early commencement of treatment play a crucial role in outcome of the disease. [3] www.jmscr.igmpublication.org Impact Factor (SJIF): 6.379 Index Copernicus Value: 79.54 ISSN (e)-2347-176x ISSN (p) 2455-0450 DOI: https://dx.doi.org/10.18535/jmscr/v7i1.01
Lumbar puncture is the cornerstone of diagnosis. Many laboratory diagnostic options are available such as CSF smear, CSF culture, MODS, Interferon Gamma Release Assays etc. [4] But clinicians have to rely on less time consuming investigations so that treatment can be started at an early stage. Neuroimaging (CT&MRI) plays a great role. Imaging features of TBM which are characteristic for the disease are presence of basal hyperdensities on NCCT, hydrocephalus usually communicating type, enhancement of leptomeninges and basal cisterns, periventricular infarcts and associated tuberculoma or abscess. [5] [6] Infarcts are the result of vasculopathy which is one of the most severe complications of TBM, hence early diagnosis of vasculopathy needed. Many imaging modalities are available to detect intracranial vasculopathy like CTA, MRA, DSA and TCD. Transcranial Doppler is also called doctor's stethoscope. It is a real time, noninvasive and non-ionizing investigational tool for assessing cerebral hemodynamics. It is cheap, widely available, reproducible and can be used for bed side evaluation in comatose patients. It provides both structural and physiological details of cerebral arteries. [7] Many studies have investigated the role of TCD in TBM, but very few studies have been done regarding its use in TBM related vasculopathy. In our study, we tried to find out reliability of TCD in early diagnosis and monitoring of vasculopathy in pediatric TBM patients by comparing it with CT. [6] Study Sample: 50 cases of diagnosed TBM.
Materials And Methods

Inclusion Criteria
 Patients of both gender ≤ 13 years of age.  Pediatric patients with diagnosis of TBM and without any previous history of Anti Tubercular Treatment (ATT).
Exclusion Criteria
 Patients more than 13 years of age.  Previously treated patients with ATT.  Such patients were secondarily excluded whose final diagnosis came out to be other than TBM.  Patients with history of allergy to contrast.
Data Collection Techniques and Tools
Patients were enrolled in the study only after obtaining written informed consent. A detailed history was taken, complete clinical examination was done and all previous investigations especially CSF based examination reports were seen. Grading of disease severity was done based on Modified British Medical Research Council (MRC) into 3 grades. Hyperemia: when PSV raised with Lindegaard ratio< 3. Normal PSV range used in this study were as per the age group in a published article shown in table 1. [9] showing positive correlation. In our study we observed increment in mean PSV and V m with increase in grade or stage of the disease. Mean PSV &V m were on higher side in the advanced stage of the disease as compared to early stage. However, these correlations were found significant only in right MCA and left ACA. In rest of the arteries these correlations were not significant as p-value was more than 0.05. Correlations between PSV and PI of cerebral arteries (bilateral MCA, ACA & PCA) were poor not found significant in our study. Comparison between TCD findings and stage of the disease is depicted in figure 1 . In our study out of all patients in early stage (Grade 1),about 93.8% patients did not have stenosis on TCD imaging, while, out of all in advanced stage(Grade 2+3), 58.3% patients showed stenosis on TCD imaging. This correlation was found to be statistically significant. When comparison was made between narrowing of vessels on CTA and stenosis on TCD, the Sensitivity of TCD as compared to CTA was 91.7% and specificity was 85.7%. Also Positive Predictive Value was 73.33% and Negative predictive value was 96% and accuracy of TCD was found to be 87.5%. The correlation between TCD imaging and CTA was highly positive and statistically significant. 30% patients had visible infarct in brain parenchyma mostly in basal ganglia region. The review article by Ravindra Kr. Garg& other stated that in a meta-analysis that included 404 patients, infarcts at the time of diagnosis were found in approximately 25% patients. [13] Study by Ronald Van Toorn et al and by Anil et al showed 40% and 45% patients having infarct respectively. [11] [12] Among 12 out of 40(30%) patients with narrowing of one or more vessels of cerebral arteries on CTA, MCA either unilateral or bilateral was involved in 11 patients and was the most common artery to be involved followed by ACA in 4 patients and PCA in one patient. These results are similar to the results of studies conducted by Mei-Ling Sharon Tai et al, Singh B et al and Jayantee K et al. [10] [14] [15] In our study we concluded that mean of PSV and V m increases with advancement of the disease. But this correlation was not found statistically significant in all arteries except Right MCA & Left ACA (p-value <0.001).Study conducted by Mei-Ling Sharon Tai et al also found the correlation statistically significant only in few arteries of circle of willis. [10] In Transcranial Doppler studies in TBM patients, Mei-Ling Sharon Tai et al diagnosed vasculopathy in 11 out of 36 patients. Ronald Van Toorn et al found bilateral MCA stenosis on admission in 14 of the 20 TBM children. [10] [11] These findings are similar to our study where 15(37.5%) out of 40 patients were found to have stenosis in one or more arteries in the brain parenchyma on TCD imaging most of them involving MCA. In our study the correlation between cerebral artery stenosis on TCD and Stage of disease was found to be positive and statistically significant and thus it can be concluded that advance the stage of the disease, more are the chances of stenosis.
Discussion
The correlation between PSV & PI in all arteries on TCD was not statistically significant and was similar to the study conducted by Ronald Van Toorn et al. [11] Comparison of presence of stenosis on TCD was made with presence of infarct on NCCT + CECT and narrowing of vessels on CTA. Correlation between stenosis on TCD and infarct on NCCT+CECT was positive and statistically significant. Also Correlation between TCD and CTA to detect stenosis was found to be strong positive and statistically significant. Out of all patients who had shown stenosis on TCD, about 91.7% patients showed narrowing on CTA while 85.7% patients labelled normal by TCD showed normal CTA. Thus we can conclude that Sensitivity and Specificity of TCD is good when compared with CTA. Positive Predictive Value (PPV) was 73.33% and Negative Predictive Value (NPV) was 96% and the accuracy of TCD was found to be 87.5%.4 patients having stenosis on TCD did not show narrowing on CTA. Similar results were found in the study conducted by Mei Ling Sharon Tai et al. [10] This was thought to be due to earlier detection of hemodynamic changes on TCD because of small penetrating vessel involvement difficult to be evident on CTA. Another reason can be inflammatory hyperemia which often occurs in first week of the disease causing elevated PSV on Transcranial doppler. Thus TCD imaging can play a crucial role in detecting stenosis in cerebral arteries if CT facilities are unavailable.
Conclusion
This study showed that a considerable proportion of TBM patients develop vascular complications leading to ischemia or infarct. Serial TCD can be used as a reliable modality for early diagnosis of cerebral arterial stenosis, and to differentiate from other cerebral hemodynamic changes like vasospasm and hyperemia. It can also be used as a followup tool as it is safe, non-invasive, nonionizing, cheap and widely available. Our study has certain limitations. Short study duration, relatively small sample size and few parameters (like arterial CO 2 level, body temperature, ICP) that affect cerebral hemodynamics were not considered during JMSCR Vol||07||Issue||01||Page 01-06||January 2019 Transcranial Doppler imaging. Further studies with large sample size is needed to validate our results.
